InTRoducTIon
Toe walking is the inability to generate a heel strike during the initial contact phase of the gait cycle, and the absence of full foot contact during the entire standing phase. It is a pattern sometimes observed in healthy developing children less than 2 years old who are learning to walk independently (1) .
Persistent toe walking beyond 2 years of age can be the first sign of an upper motor neurone or neuromuscular disease. In children with upper motor neurone or neuromuscular diseases there is a striking imbalance between flexor and extensor muscles of the distal lower limb either due to spasticity or to selective weakness, causing a toe-toe gait pattern. Persistent toe walking has also been reported in children with language or cognitive developmental delay (2) (3) (4) , as well as in children with autistic spectrum disorders (5, 6) .
In nearly 5% of the healthy childhood population, however, no apparent cause of persistent toe walking can be identified (7) . These children seem to prefer to ambulate persistently in a toe-toe gait pattern, but are able, at least in the first years of toe walking, to voluntarily perform heel-toe gait. This is called idiopathic or habitual toe walking (ITW). ITW is considered a diagnosis of exclusion, and the aetiology and pathophysiology of this condition remain unknown (8) . As such, the child with ITW should demonstrate an unremarkable medical history with a normal birth and development as well as a normal neurological and orthopaedic status and no prominent neuropsychiatric disorders (8, 9) .
In some of the children with ITW, it appears that there may be a relationship between persistent toe walking and a decreased range of motion at the ankle joint (equinus deformity) (10) (11) (12) (13) . Hall et al. (14) were the first to propose a pre-existent congenital shortening of the calf muscle, but subsequent studies have called this idea into question by documenting absence of (muscle-tendon) contractures in many of these children at birth (10, 15, 16) . In a cross-sectional study of a general population of children, adolescents, and young adults in the netherlands, children who had been walking on their toes had a 3 times higher chance to develop a decreased ankle dorsiflexion range during growth into their adolescence compared with children without a history of ITW (10) . As yet, sound longitudinal data to determine whether ankle equinus is the primary cause (14) or the consequence of ITW are lacking. other problems attributed to ITW in the literature are secondary pes planovalgus, undifferentiated leg pain, limping, and fatigue (9, 11, (16) (17) (18) . It is hypothesized that ITW may lead to walking instability with injuries due to tripping and falling (9) . data to support the theory that ITW may lead to poor functional outcome in the long term are, however, lacking.
TREATMEnT foR IdIoPAThIc ToE WAlkIng: A SySTEMATIc REvIEW of ThE lITERATuRE
Because it appears that there may be a relationship between persistent toe walking and ankle equinus, interventions are primarily aimed at maintaining or increasing ankle dorsiflexion range. A number of non-invasive and invasive treatment options have been proposed, including physical therapy (PT), orthopaedic footwear, serial casting, orthoses, Botulinum toxin type A (BTX-A), and soft-tissue surgery (9, 11, 19) . All of these interventions claim to correct the equinus position of the ankle with the expectation that gait changes would follow the positional correction. however, at present, consensus about medical management has not been established. Moreover, the effects of the different interventions on the level of activities and participation of the child have not been established. Therefore, the aim of the present study was to perform a systematic review of the literature to assess the effects of the currently available treatment options for patients with ITW on the 3 main levels of the World health organization International classification of Functioning, Disability, and Health for Children and youth (Who Icf-cy): (i) body structure and function; (ii) activities; and (iii) participation.
METhodS

Data sources
Material for review was selected from a systematic search in the databases of MEdlInE (January 1966-december 2013), current contents (January 1966-december 2013), cInAhl (January 1982 (January -december 2013 , and the cochrane library.
Study selection
The following MeSh headings and keywords were used: either "equinus gait or walking", or "toe gait or walking", or "tiptoe gait or walking", or "forefoot gait or walking", or "short Achilles tendon", or "short tendo calcaneus" as well as a combination of 1 of the above-mentioned keywords and either "idiopathic", or "idiosyncratic", or "habitual", or "persistent", or "dystonic". Identifying relevant references from the retrieved articles extended the search.
As case series are probably the most frequent type of surgical and orthotic reports in the literature, it was decided not to restrict the selection to a specific study design. As a consequence, after the primary search, studies were included if they used either within-group pre-post treatment comparisons or between-groups comparisons in a (randomized) controlled design. In addition, studies were required to meet the following inclusion criteria: (i) investigating treatment of ITW in children aged 2-18 years; (ii) primarily addressing aspects of clinical efficacy of treatment; and (iii) being written as a full-length article in the English, german, French, or Dutch language. Studies were excluded (iv) in the case of heterogeneous patient samples in which the patients with ITW could not be identified, and (v) if papers were not available in medical libraries in the netherlands. ultimately, the remaining studies were selected for detailed methodological evaluation. Two authors independently performed the study selection and methodological evaluation. In the case of disagreement, a third reviewer was consulted.
Data extraction
Assessment of methodological quality. The Oxford Centre for Evidence-Based Medicine (ocEBM) levels of evidence were used to grade the selected studies (20) . The Methodological Index for NonRandomised Studies (MInoRS) was applied to further assess the quality of each observational study (21) . The MInoRS is a validated list designed to assess the methodological quality of observational or non-randomized studies (either comparative or non-comparative) which comprises 12 items, of which the last 4 items apply only to comparative studies. Items are scored as 0 (not reported), 1 (reported but inadequate), or 2 (reported and adequate). The maximum score is 16 for non-comparative studies and 24 for comparative studies (21) .
Quantitative methodological evaluation. Because only 1 randomized controlled trial (RCT) could be identified, no pooling of data could be performed, either in a meta-analysis or in a best-evidence synthesis. The outcomes of the selected studies were analysed following the 3 main levels of the Who Icf-cy: (i) body structure and function; (ii) activities; and (iii) participation (qualitative synthesis). The Icf-cy is a classification of health and non-health related domains at both individual and population level, commonly used within the field of rehabilitation medicine (www.who.int/classifications/icf/en/).
RESulTS
Study selection
The initial systematic search strategy in PubMed identified 105 relevant citations ( fig. 1 ). The search in other databases yielded 2 additional articles. on the basis of title and abstract, Fig. 1 . Study selection process. ITW: idiopathic or habitual toe walking.
Records indentified through PubMed n=105
Records identified through other databases n=2
Records screened n=107
Articles assessed for references n=25
Records excluded based on title and abstract n=82 Full-text articles assessed for eligibility n=34 Treatment for idiopathic toe walking 82 studies were excluded. Exclusion criteria were: (i) use of a patient sample other than ITW or age of the study sample at the time of intervention beyond 18 years (n = 25); (ii) not primarily addressing aspects of clinical efficacy of treatment (n = 51); and (iii) being written as a full-length article in languages other than English, german, french or dutch (n = 6). Full texts of the remaining 25 studies were examined. Screening the references of these studies revealed 9 additional articles. from these 34 selected studies 15 were excluded due to: (i) use of a patient sample other than ITW or age of the study sample at the time of intervention beyond 18 years (n = 3); (ii) not primarily addressing aspects of clinical efficacy of treatment (n = 11); and (iv) heterogeneous patient samples in which the patients with ITW could not be identified (n = 1). ultimately, 19 studies met all inclusion and exclusion criteria and were systematically analysed. Table I shows the methodological characteristics of the 19 studies included in the review. Most studies used a within-group design with pre-post treatment comparisons and were classified as RCT (n = 1) (22), case series (n = 8) (14, 17, 18, (23) (24) (25) (26) (27) , qualitative study (n = 1) (28), cross-sectional study (n = 1) (29), historically controlled study (n = 1) (30), or cohort studies (n = 7) (15, 16, 31-33, 34, 35) . only 9 studies used a prospective study design, whereas 10 studies were conducted retrospectively. only one study randomly assigned treatments to the participants (22) . Two studies incorporated a non-treatment group (16, 32) , whereas 2 other studies used a group of children with cerebral palsy for comparison (31, 35) . one study incorporated data from an age-matched control group on repetitive single-heel rises on the force plate (29) , whereas 7 studies incorporated historical data from a laboratory database of healthy controls (23, 29, 30, 33) . In only one of these studies, the historical data were used for quantitative comparisons (30) . one study was scored as ocEBM level 1 (22) , all other studies were scored as level 4. The MInoRS scores of the latter studies ranged from 2 to 18, emphasizing the methodological heterogeneity amongst the observational designs. hospital-based; referred with ITW. ITW defined as persistent TW with normal neurological and orthopaedic examine and no behavioural problems.
Methodological quality
cast: Bilateral serial walking casts; n = 3 below-knee casts for 6 weeks, and n = 1 for 8 weeks; n = 1 long leg casts for 6 weeks, and n = 1 for 8 weeks; intervals cast changes not mentioned, followed by dorsiflexion exercises and heel-toe gait training. 
Patient selection
In all studies ITW was considered a diagnosis of exclusion. however, the operationalization of the concept "diagnosis of exclusion" differed substantially between the studies. In 1 study the concept was not specified at all (28) , in the other 18 studies at least neurological deficits were ruled out, either by history-taking (15, 18, 23, 25, 32) , and 8 studies excluded orthopaedic problems other than equinus deformity of the ankle (14, 15, 18, 22, 23, 29, 31, 34) . The inclusion criteria in 10 studies were dominated by their retro spective nature. As a result, study samples differed with regard to patient characteristics such as age and pre-treatment maximal ankle dorsiflexion angle (Figs 2 and 3) . Overall, children in the surgical studies showed more severe structural equinus deformity compared with children in the studies investigating conservative treatments ( fig. 2) . only when the vulpius procedure (gastrocsoleus aponeurotic lengthening) was used for surgery, the maximal passive ankle dorsiflexion angle seemed to fit within the range reported in studies on serial casting. The age of the children at the time of intervention varied widely, both within and between studies ( fig. 3) . one study did not mention the age at intervention (28) and in another study age could not be differentiated between the treatment groups (16) . Children receiving surgery or BTX-A tended to be older (mean age > 7 years) compared with children receiving PT or serial casting. Similarly, children less than 4 years old were less frequently included in surgical studies, although in 1 study the youngest child receiving surgery was 2.5 years of age (32) .
Treatment
Most studies (n = 13) reported on a single intervention. The effectiveness of PT (motor control intervention) was examined in one study (17) , serial casting in 3 (15, 23, 31) , BTX-A in 4 (24, 26, 27, 33) , and surgery in 5 studies (14, 28, 30, 34, 35) . Six studies (1 RCT and 5 non-randomized, uncontrolled studies) compared the effects of different interventions (16, 18, 22, 25, 29, 32) . criteria for the use of a particular type of intervention, however, were not provided. In general, only patients not responding to conservative treatment and with (severe) fixed contractures were included in surgical studies (16, 29, 30, 34) . With regard to the same type of intervention, there was no standardized treatment protocol within or between studies, either with respect to treatment algorithm, the use of co-interventions or duration of treatment, or with respect to post-intervention management (Table I) .
Outcome
A wide range of outcome measures was used (Table II) . The earlier studies assessing conservative treatments and surgery have mainly relied on maximal passive ankle dorsiflexion, qualitative visual observation of gait, surface electromyography, and parental reports. These studies lack comprehensive quantitative assessment of (toe) walking. In the more recently conducted studies, comprehensive gait analysis has been used (22, 29, 30, (33) (34) (35) .
Many studies contained only post-treatment information with no or merely historical pre-treatment data available (16, 18, 26-30, 34, 35) . follow-up varied widely both between and within studies, ranging from 6 weeks up to 22 years post-treatment (26) Fox et al. (15) Jacks et al. (27) ( Table I ). In studies addressing either PT or serial casting, 3 studies mentioned immediate post-intervention results up to 6 weeks after treatment (23, 25, 31) , whereas 2 studies mentioned intermediate results (between 6 weeks and 1 year) (15, 22) . In the study by Fox et al. (15) , however, patients were discharged from follow-up as soon as parents were satisfied with the results of treatment. As a consequence, the time-frame of the follow-up evaluations varied between patients and may have influenced the outcomes. Studies addressing surgery did not mention immediate or intermediate post-operative results on any of the Icf levels. All these studies evaluated their results at least one year after surgery. Five studies specifically looked at the long-term results of surgery, with follow-up periods varying from 2 to 22 years (16, 18, 25, 29, 32) .
Ten out of 19 studies mentioned adverse effects and complications, varying from no complications at all (27, 29, 31) , to pressure ulcers in the case of casting (15, 16) , to moderate pain after BTX-A injection (22, 23) , PT (17) or cast (22) , and to wound dehiscence (34), Achilles tendinitis (28, 34), or excessive ankle dorsiflexion (35) after Achilles tendon lengthening.
Passive ankle range of motion. Immediately after the termination of serial casting or PT the maximal passive ankle dorsiflexion range increased (15, 17, 23, 31) . In these conservatively treated groups (serial casting and/or PT), only 3 studies statistically quantified this immediate improvement in ankle range of motion (15, 17, 31) . In 2 of these studies, the gains in ankle dorsiflexion persisted during the 6-week follow-up period (15, 31) . one RcT studied the intermediate effects of casting at 3 and 12 months in 2 treatment groups (22) . one group receiving 4 weeks of below knee casting only, whereas the other group received BTX-A of the gastro-soleus complex prior to casting. In both groups the ankle dorsiflexion range was increased at, respectively, 3 and 12 months post-casting. Both at 3 and 12 months post-treatment, no added value of BTX-A on improving passive ankle dorsiflexion range could be found. Another prospective cohort study of 15 subjects treated with BTX-A, statistically quantified the results in terms of (increase in) passive ankle range of motion one year after treatment (33) . At follow-up 1 year post-treatment, no significant difference in passive ankle dorsiflexion range could be observed compared with pre-treatment (33) . In both studies, all children had normal range of motion at the hip and knee joint before treatment, while no or only minor limitations of the ankle were reported (fig. 2) .
The sustainability of the induced gains with conservative treatment (PT or serial casting), however, seemed to be relatively short. On average, 2 years after treatment, maximal ankle dorsiflexion tended to have decreased 6° from the values measured at the termination of the primary treatment (25) . At (35) Hemo et al. (34) Engström et al. (22) Hirsch & Wagner (18) Fox et al. (15) Brouwner et al (31) Katz & Mubarak (25) Clark et al. (17) Hirsch & Wagner (18) Katz & Mubarak (25) Griffin et al. (23) Stricker & Angulo (16) (16) did not find any systematic improvement in passive ankle dorsiflexion range after conservative treatment. Both studies, however, used historical pre-treatment data and, as such, the validity of this result may be questioned. After Achilles tendon lengthening, the increase in passive ankle dorsiflexion range seemed to persist in the long-term, with reports up to 3 years post-surgery (16, 30, 34, 35) . Two studies statistically quantified this increase at 1 and 3 years' post-surgery, respectively (30, 34) . In addition, Mc Mulkin et al. (30) performed a systematic clinical assessment of all lower extremity joints both pre-and at 1-year post-surgery. Prior to surgery, restricted passive ankle dorsiflexion, as well as decreased popliteal angle, increased external hip rotation, and increased tibial torsion (external rotation) were observed. Although these additional deviations improved significantly at 1-year post-surgery, only the popliteal angle increased to normal values, whereas the other deviations persisted (albeit small). At even longer terms of 5.4-15.6 years after surgery, Stott et al. (29) reported that the actual passive and active degrees of ankle dorsiflexion (with an extended knee) were still below the reported normal range of 10-25° for young adults. This study was, however, limited by its cross-sectional design, preventing definitive statements about the persistence or recurrence of restricted ankle dorsiflexion during physical examination.
Gait analysis. Two small case studies qualitatively studied electromyographic patterns in conjunction with foot contact patterns during toe walking (23, 24) . one of these studies used reference data of normal children performing a similar gait pattern (23) . during toe-toe walking, out-of-phase triceps surae activity prior to foot contact was observed, both in controls (23) and in children with ITW (23, 24) . In the latter group, however, a greater proportion of the swing phase (20-30% vs 5% in controls) was characterized by premature triceps surae activity (23) . Moreover, children with ITW showed early offset of (low) amplitude tibialis anterior activity in the swing phase, resulting in absent late-swing and loading-response activity of this muscle (23, 24) . While Griffin et al. (23) used serial casting, Brunt et al. (24) selected BTX-A to treat the out-of-phase triceps surae activity. In both studies, electromyographic patterns changed immediately after treatment, i.e. the activation of both muscles closely resembled the normal situation. In the BTX-A treated group these results were still present at 1 year after treatment (24) , while reports on the sustainability of the effects of serial casting are lacking.
five studies directed at the effects of, respectively, casting (22), BTX-A (33), the combination of casting and BTX-A (22), and surgery (30, 34, 35) performed quantitative gait analysis. Children in the cast and BTX-A studies had (near) normal range of motion at all joints before treatment (22, 23) , whereas the children in the surgical studies had (severe) equinus contractures (30, 34, 35) . Kinematically, all children showed a significantly increased ankle plantar flexion angle throughout the gait cycle before the interventions (22, 30, (33) (34) (35) . overall, the muscletendon length determined by physical examination did not correlate well with the peak stance-phase muscle-tendon length determined during gait analysis (29, 35) . Most children showed an absent first rocker (i.e. plantar flexion after initial contact) (22, 30, 34) . Children in the cast and BTX-A study did not show any significant deviations in the pelvis or hip joint kinematics either pre-or post-treatment (33) , whereas children in the surgical studies showed increased external hip rotation (30) . Children receiving Achilles tendon lengthening had a greater mean pelvic tilt (30) compared with children receiving only a vulpius procedure (30, 35) . Moreover, in the surgical studies both an increased external foot progression angle during the stance phase (30) and a decreased peak knee flexion angle during the swing phase (30, 34) were observed. Some of the children also showed knee hyperextension during the stance phase (22, 34) .
One year after each intervention, ankle dorsiflexion during the stance phase had increased significantly (22, 30, (33) (34) (35) . Both the mean ankle dorsiflexion angle at initial contact and the peak ankle dorsiflexion angle during the stance phase had increased (22, 30, 33, 34) . Most children developed a first rocker (28, 29) , and the timing of maximal ankle dorsiflexion and the transition into plantar flexion occurred later in the stance phase (22, 34) . During the swing phase, a significantly improved peak ankle dorsiflexion angles was also reported (22, 30, 33, 34 ). An increased peak knee flexion angle was also seen (22, 30, 34) , while most children no longer showed knee hyperextension (22, 34) . children receiving Achilles tendon lengthening had a significant decrease in mean pelvic tilt, whereas after a Vulpius procedure no significant changes were seen, probably because pre-operative values were closer to normal (30) . Although the kinematics of gait generally improved, normalization did not occur (22, 30, 34) . At 1-year follow-up, children still had a significantly lower peak ankle dorsiflexion angle during the entire gait cycle (22, 30, 34) . children in the surgical studies showed a significantly greater mean pelvic tilt, mean external hip rotation, and greater external foot progression angle during the stance phase (30) . At even longer terms of 5.4-15.6 years post-surgery, Stott et al. (29) reported that 11 out of 13 patients still had a restricted peak ankle dorsiflexion angle during the stance phase, more than 2 Sd below the reference values normalized for age. All but 1 child showed a normal first rocker, but progression of the tibia during midstance was still limited by lack of ankle dorsiflexion in many children. Some of these children also showed increased knee extension during the stance phase, although none showed clear hyperextension. The children who had undergone surgery still had larger thigh-foot angles, indicating increased external tibial torsion in the case of severe equinus contracture before surgery. As already indicated, the validity of the study by Stott et al. (29) was limited by its cross-sectional design.
Kinetically, a double bump pattern of the ankle plantar flexion moment, with a peak occurring before 25% of the gait cycle and inversion of the second rocker could be observed (29) . In some children a premature internal ankle plantar flexion moment was present (due to premature calf muscle activity) and an increased knee extension moment in the early stance phase (30, 34) . The premature ankle plantar flexion moment decreased (22, 30) and ankle power at push-off (A2 power generation) increased to 67% of normal values, although this effect did not reach statistical significance (30, 34) . Within-group analysis showed that patients with the most severe equinus contracture demonstrated the greatest increase in ankle power (> 15 % of pre-operative values) (34) .
Parental perception of gait performance and activities. In most studies on either conservative treatments (15, 22, 23, 31, 32) , BTX-A (22, 24, 27) , or surgery (14, 25, 28, 29) , qualitative improvement of gait performance was reported after the intervention. normalization of gait, however, did not occur in all children, with some children still performing toe or flatfoot contact after treatment (14, 15, 18, 22, 24, 29, 31, 32) .
Two retrospective, non-randomized studies compared parents' perception of toe walking at an average of 3 (range years after treatment in 3 different groups: an observational group (no intervention), a serial casting group, and a surgical group (16, 32) . Parents reported improved gait in nearly 50% of the children in both the observational and the casting group. yet, only 6% of the children in the observational group and 10% in the casting group were considered to have a normal gait at all times (32) . Only 25% of the parents were satisfied with the results of observation or serial casting, basically due to failure to correct the toe-walking (16) . casting appeared to offer little long-term improvement in walking performance compared with untreated ITW. Because both studies excluded children from follow-up when they had undergone Achilles tendon lengthening for persistent toe walking (after they had been initially treated conservatively), underestimation of failure rates may have occurred (16, 32) .
Two studies on BTX-A assessed parents' perception of toe walking (22, 33) . of the children who were followed for 12 months, only 27-30% were reported to have completely ceased toe walking. The 12-month follow-up seemed to be a good indicator of the outcome 3-5 years later (33) .
After surgery most parents reported improved gait performance up to 22 years (14, 28, 30, 34) . In the study by Eastwood et al. (32) 72% of the parents reported improved gait after 3 (range 2-22) years, although only 22% of the children had completely ceased toe walking. The failure rate (no complete cessation of toe walking) after surgery in the other studies ranged from 17% to 33% (16, 29, 32, 34) . despite this, a high level of parental satisfaction was reported in the surgery group (16, 28) .
With regard to activities, some studies reported disabilities due to ITW in terms of limitations in sporting activities (29) , difficulty or minimal assistance needed with running (15) , and limitations in activities requiring the use of legs and feet as reported on the Lower Extremity Function Assessment Test (27) . due to the small numbers and the lack of systematic report of reliable outcome measures, however, it is difficult to exclusively relate the reported disabilities to ITW. dIScuSSIon This systematic review was conducted to gain insight into the available evidence on the efficacy of different treatments for ITW at all levels of the Icf-cy. Several treatment modalities have been used, including motor control interventions, passive stretching, serial casting, BTX-A, and surgery to correct the equinus position. Although these treatments are widely used in clinical practice, the number and quality of the traced publications investigating these treatments is, as yet, limited. only 1 study randomly assigned different treatments to different groups (22) , and only 2 other (non-randomized, retrospective) studies incorporated a non-treatment group (16, 32) . The other studies were non-randomized uncontrolled studies, scoring level 4 according to the definitions of the Oxford Centre for Evidence-based Medicine. As more than half of all studies were retrospective in nature or used historical control groups, their results are highly subjective to information bias. In addition, most studies incorporated only small samples of children and, as such, selection bias may have occurred.
As the pathophysiology underlying ITW is unknown, causal treatment is still not possible. Therefore, interventions to address ITW have been directed towards increasing passive ankle dorsiflexion in children aged 4-17 years, with the expectation that gait changes would follow gains in structure. consensus on the criteria for using a particular type of treatment has not been established, although Achilles tendon lengthening is generally performed in the case of significant equinus contracture when other treatments have failed. As surgery was reserved for the most severe cases, these children tended to be older, were non-responders to previous treatments, and had equinus contractures. Moreover, the increased foot progression angle, anterior pelvic tilt, and external hip rotation observed in many of these children might be secondary to the equinus contractures. As muscle length and bone formation are affected by functional demands, adaptive external rotation at the hip and in the tibia might occur while attempting to place the limb in a plantigrade position despite an ankle contracture (30, 36, 37) .
nonetheless, at the Icf-cy level of body structures and function, improvements have consistently been reported in terms of increased passive ankle dorsiflexion angle immediately after treatment. Only in the BTX-A group no improvement in passive ankle dorsiflexion was observed, probably because these children had no structural limitations in ankle dorsiflexion before treatment. The sustainability of the improvements in the conservative treatment (PT/casting) groups was, however, limited, whereas surgical management seemed to be more effective in restoring passive ankle dorsiflexion angle even in the long-term (> 1 year). however, as surgery was restricted to children with the most severe equinus contractures, the opportunity to increase ankle dorsiflexion end range of motion in these children was substantial. As such, selection bias may be responsible for the favourable outcome of surgery compared with the other treatment alternatives. Improvements in kinematics and kinetics during instrumented gait analysis were observed after both casting, BTX-A, and surgery, however, normalization of the gait pattern did not occur.
It can be questioned whether a gait analysis represents the child's most common walking performance. It is reported that a person with ITW may spontaneously adopt both a toe and a heel contact pattern during the same gait analysis. Thus, it may be possible that a child with ITW walks less on the toes during gait analysis by using cognitive compensation to control the walking pattern. As such, parents' perceptions of toe walking may give a better indication of the child's walking performance in a normal environment. As indicated by the parental reports of toe walking, the carry-over of the heel-toe gait after casting seems to be limited. In the long-term, parental reports did not differ between children treated with serial casting and those that did not receive treatment for ITW (30) . Even after surgery, 17-33% of the parents reported incomplete cessation of toe walking. Moreover, the final outcomes of ITW treatment in terms of activities and participation are ill defined. Not only the efficacy of the different treatment modalities on the ICF-CY levels of activities and participation remains unclear, but also the consequences of untreated ITW on these levels of functioning.
only minimal complications were reported in the studies included in this review. hence, all reported treatments for ITW seem to be fairly safe. Although most intervention studies suffered from bias with regard to the report of long-term complications, particularly the surgical studies on ITW used follow-up periods of many years, which makes it unlikely that serious long-term complications might have been missed.
Study limitations
There are several limitations to this review that need to be considered when interpreting the results. Pooling of results in a meta-analysis was not possible because of the poor methodological quality of many of the studies. comparisons between studies were difficult for several reasons. First, systematic differences in the base population both within and between studies were present with regard to age, pre-treatment ankle dorsiflexion angle, and previous treatments for ITW. Secondly, a variety of treatment modalities, algorithms, and post-treatment management strategies were reported. none of the studies controlled for co-interventions, which prohibits to validly attribute the observed effects to a single intervention. Thirdly, a wide range of outcome measures and follow-up periods were applied, making it difficult to compare the effectiveness of different treatments. hence, as the quality of the included systematic reviews and studies was generally poor, the results must be interpreted with some caution. As articles reviewed were limited to the dutch, English, french and german languages and to manuscripts available in medical libraries in the netherlands, some studies may have been missed.
Conclusion
This review emphasizes the importance of adequate patient and goal selection when treating ITW. Moreover, to identify relevant treatment-induced changes, it is essential to obtain more knowledge of the natural course of ITW during growth and development into adulthood. The consequences of ITW with regard to functional activities and social participation of the affected children, as well as the effects of treatment on their functioning have yet to be demonstrated. There is preliminary evidence of the beneficial effects of serial casting and surgery on passive ankle dorsiflexion, and of serial casting, BTX-A and surgery on the kinetics and kinematics of gait. However, the sustainability of beneficial effects after conservative treatment (PT/casting) seems to be short. larger controlled studies are needed to compare the effectiveness of different treatment modalities for ITW. In addition, outcome measures at all levels of the Icf-cy should be used with sufficiently long-term follow-up.
